Abstract
Introduction

18
Nuclei with extreme neutron deficiency or neutron excess can decay by the 19 emission of one or more protons or neutrons, respectively. The presence of the 20 Coulomb barrier can significantly hinder the emission of a proton which can 21 lead to fairly long lifetimes for this decay mode. The current status of one-and 22 two-proton radioactivity has recently been reviewed by Pfützner [1] . In con- 23 trast, neutron emission typically proceeds on very short time scales (∼10 −21 s), 24 primarily due to the absence of the Coulomb barrier. However, it has been 25 postulated that in special cases one-or two-neutron radioactivity might occur 26 due to the presence of an angular momentum barrier [2] [3] [4] . Lifetimes as short 27 as 10 −12 s can be considered as radioactivity [5] and only in the most extreme 28 cases neutron emission is expected to reach these time scales. was then extracted from the intensity ratio of the energy loss peaks as a function
40
of target to detector distance [12] .
41
In order to search for the corresponding decays of neutron-rich nuclei these 42 or similar techniques have to be developed for neutron emission. The various effects contributing to the measured distributions are demon- 
119
The sharp increase at the left edge of the distributions is due to the integral of 120 decays outside of the target which is larger for the longer half-lives.
121
More realistic calculations have to take into account that the reaction can 
141
The general sensitivity of the method can be shown by plotting the average 142 value of the folded velocity difference distributions as a function of half-lives.
143 Figure 6 shows the dependence on the target thickness for incident beam ener- 
148
The choice of target thickness for a given energy is limited by the requirement 149 that the remaining energy after the target has to be sufficiently large to allow 150 for a clean identification of the fragment and a good energy measurement (∼3% 151 in velocity, see above). Thus at higher energies, thicker targets can be used. The most important parameter to reach sensitivities for short lifetimes is the 216 beam energy. However, even at the highest beam energies it will be difficult to with the distributions of figure 9 which were calculated with the same parame-225 ters. The lower limit for extracting a half-life of ∼10 ps is determined from the 226 lower limit of measuring the shift of x ave at about 2 cm, while the upper limit 227 of ∼1 ns is due the limit of measuring λ x at about −0.01 cm −1 .
228
The importance of placing the target directly in front of the deflecting mag-229 net is demonstrated in figure 11 . Especially for the shorter lifetimes, it will be is measured. This method is sensitive to decays that occur within the target
242
(DiT) and depends on the energy loss of the charged fragment in the target.
243
The second method is sensitive to decays in-flight after the target by relying on 
